INTRODUCTION
Constrictive pericarditis (CP) is a rare disease entity characterized by ambiguous clinical presentation of dyspnea, abdominal distension, and generalized edema, which is not infrequently misdiagnosed as chronic liver or renal disease. However, as pericardiectomy can dramatically improve the patient's condition, correct diagnosis of CP is of great importance for physicians. Traditionally, invasive cardiac catheterization has been used to measure elevated intracardiac pressure due to constriction, but sometimes, endomyocardial biopsy is needed for differential diagnosis of various forms of restrictive cardiomyopathy.
Recently, echo-Doppler technique has been reported as an accurate non-invasive diagnostic method for CP; 2-dimensional echocardiography can measure the thickness of pericardium and Doppler technique can easily estimate the characteristic hemodynamics of CP (1) (2) (3) . Due to a very high feasibility in clinical practice, wide application of this echoDoppler technique in various clinical situations can contribute to early detection of CP. Moreover, as this technique is totally non-invasive, repeated examination can provide excellent opportunity to get information about temporal changes and natural history of CP. Although the changing clinical features of CP in western countries have been reported using this technique, information about clinical characteristics of CP in Korea, such as etiology, hospital course, treatment results, and prognosis, are not available yet (4, 5) . The purpose of this study was to characterize the clinical features of patients with CP in Korea diagnosed by echoDoppler technique.
MATERIALS AND METHODS
A total of 71 patients was diagnosed to have CP by echoDoppler technique at Asan Medical Center from March 1991 to June 2000. All patients underwent meticulous transthoracic or transesophageal echocardiographic examination using a commercially available echocardiographic machine (Hewlett Packard Sonos 2500 or 5500). Typical diagnosis of CP was based on demonstration of thickened pericardium ( Fig. 1 ) and exaggerated bouncing motion of interventricular septum with characteristic increase of right ventricular dimension during inspiration ( Fig. 2A) . Markedly dilated inferior vena cava without normal inspiratory collapse (Fig. A retrospective analysis of clinical data of 71 patients with constrictive pericarditis (CP) diagnosed by echo-Doppler technique (mean age, 49±17) was done. In 27 patients (38%), the etiology was unknown, and the three most frequent identifiable causes were tuberculosis (23/71, 32%), cardiac surgery (8/71, 11%), and mediastinal irradiation (6/71, 9%). Pericardiectomy was performed in 35 patients (49%) with a surgical mortality of 6% (2/35), and 11 patients (15%, 11/ 71) showed complete resolution of constrictive physiology with medical treatment. Patients with transient CP were characterized by absence of pericardial calcification, shorter symptom duration, and higher incidence of fever, weight loss, and tuberculosis. The 5-yr survival rates of patients with transient CP and those undergoing pericardiectomy were 100% and 85±6%, respectively, which were significantly higher than that of patients without undergoing pericardiectomy (33±17%, p=0.0083). Mediastinal irradiation, higher functional class, low voltage in ECG, low serum albumin, and old age were the independent variables associated with a higher mortality. Tuberculosis is still the most important etiology of CP in Korea, and not infrequently, it may cause transient CP. Early diagnosis and decision-making using follow-up echocardiography are crucial to improve the prognosis of patients with CP. 2B) and inspiratory decrease (more than 25%) of transmitral early diastolic flow ( Fig. 2C ) with expiratory reversal of hepatic venous flow were also used as diagnostic criteria for CP. Thickened pericardium was confirmed again using other imaging modalities such as computerized tomography (55 patients) and magnetic resonance imaging (16 patients) (6, 7) . Invasive cardiac catheterization was performed in 32 patients, and endomyocardial biopsy was done in 7 patients to rule out restrictive cardiomyopathy or infiltrative endomyocardial disorders.
Retrospective analysis of patients' data was done to characterize the etiology of CP, clinical presentation, hospital course with treatment, and clinical outcome. Medical records and telephone interview were used for follow-up data in all patients. Continuous variables were expressed as mean± standard deviation, and Student t-test or Wilcoxon rank sum test was used to test the differences between groups. Chi-square or Fisher's exact test was used for categorical variables. Survival rates were calculated using Kaplan-Meier method and univariate Cox proportional hazard analysis was used to detect factors associated with survival. Multiple logistic regression model was used to define independent prognostic factors. p-value less than 0.05 was considered to be statistically significant.
RESULTS

Baseline Characteristics
Mean age of the patients was 49±17 yr and male to female ratio was 6:4 (Table 1) . Duration from symptom onset to diagnosis was 12.2±0.8 months, and nine patients (13%) were treated under a clinical impression of liver cirrhosis. Past medical history of tuberculosis (Tbc) was present in 14 patients (20%), and 8 patients had medical history of previous cardiac operation. In six patients, significant amount of pericardial effusion was detected previously; among them four patients underwent percutaneous drainage and one patient underwent window operation. The other patient developed CP two months after diagnosis of pericardial effusion, for which no specific treatment was done. Thirty-three patients (46%) were in New York Heart Association's functional class III or IV at the time of diagnosis. The presenting symptoms were dyspnea on exertion (77%, 55/71), peripheral edema (52%, 37/71), abdominal fullness with epigastric discomfort (46%, 33/71), and vague chest pain (17%, 12/71). In six patients (8%), initial clinical presentation was cardiac tamponade. Frequent findings in physical examination were neck vein distension (83%, 59/71), hepatomegaly (51%, 36/71), and ascites (48%, 34/71).
Pericardial calcification was detected in 20 patients (28%) and pleural effusion, mostly left-sided, was present in 49 patients (69%). The thickness of pericardium was 10.3± 3.8 mm. In electrocardiogram, atrial fibrillation was present in 20 patients (28%), and 21 patients (30%) showed low voltage. Initial echocardiogram revealed pericardial effusion in 30 patients (42%); 11 patients showed persistent constrictive physiology after percutaneous drainage (4 patients) or window operation (7 patients), which was compatible with effusive-constrictive pericarditis. The other 19 patients showed small and localized pericardial effusion.
Etiology
Pericardial specimens obtained by pericardiectomy, and pleural and pericardial effusions were used for pathologic, microbiologic, and serologic examinations to determine the etiology of CP. In 27 patients (38%), the etiology was unknown, and the three most frequent identifiable causes were tuberculosis (23/71, 32%), cardiac surgery (8/71, 11%), and mediastinal irradiation (6/71, 9%) ( Table 2) .
Tuberculosis
In 23 patients (32%), the final diagnosis was Tbc and in 9 patients thereof, it was confirmed by the surgical specimen. Chronic granulomatous lesion with typical caseation necrosis with positive acid-fast bacilli (AFB) staining or positive culture or PCR result in the pericardium was present in eight patients, and one patient showed typical caseation necrosis not in the pericardium but in the pleural specimen. Among the other 14 patients without pericardiectomy, miliary Tbc was present in 4 patients, and 1 patient revealed positive AFB staining in the sputum study. Pleural adenosine deaminase (ADA) level was higher than 40 IU/L in two patients, and characteristic radiological findings suggesting Tbc, such as typical tuberculoma, mediastinal lymphadenopathy and pleuropericarditis, were present in five patients. The other two patients showed dramatic clinical improvements after therapeutic trial of antituberculous drugs.
Among total 71 patients, 14 patients (20%) had past medical history of Tbc, but only in 6 patients Tbc was the underlying etiology of CP; thus, the past medical history of Tbc was not helpful for the determination of the underlying etiology. Four patients had chronic medical illnesses increasing the risk of tuberculous infection. Chronic administration of steroid was necessary in two patients with chronic interstitial lung disease and antiphospholipid syndrome each. Myeloproliferative disorder and hypogammaglobulinemia were the other underlying illnesses in two patients.
Cardiac surgery
In eight patients (11%), CP developed after successful cardiac surgery. The procedure were coronary bypass surgery in two, aortic valve replacement in two, mitral valve replacement in one, mitral valve repair with maze procedure in one, and cardiac transplantation in two patients. In all patients, the clinical course was uneventful after the first cardiac surgery, and the mean time-intervals from operation to the onset of symptom and diagnosis of CP were 10.2±13.6 and 14.9±20.1 months (1-56 months), respectively.
Mediastinal irradiation
In six patients, development of CP was related with previous mediastinal irradiation, and most of them (5 patients) developed CP 142 months (44-182 months) after radiation treatment for breast cancer. In the other one patient, adenocarcinoma cell was confirmed in the pericardial fluid and cervical lymph node; palliative radiotherapy was performed and, eight months later, echocardiography done for evaluation of peripheral edema diagnosed CP.
Other etiologies
CP was caused by malignancy in two patients; both presented with cardiac tamponade, and malignant cells were confirmed after pericardiocentesis. CP developed in about two months. Viral infection was highly suspected in two patients by positive serologic test for Epstein-Barr virus and positive PCR for Enterovirus in the pleural fluid.
Treatment
Among total 71 patients, curative pericardiectomy was attempted in 35 patients (49%) average 4.4±10.9 months after diagnosis of CP. Postoperative mortality developed in two patients, whose cause of death was ventricular arrhythmia and postoperative multi-organ failure, respectively. Other two patients showed persistent constrictive physiology after incomplete pericardiectomy and died of congestive heart failure four and seven months after operation, respectively.
Pericardiectomy was not performed in the other 36 patients (51%); two patients died suddenly while waiting for pericardiectomy, and operation was contraindicated in six patients due to poor performance status at the time of diagnosis. With therapeutic trial of antituberculous medication, 11 patients showed dramatic clinical improvements with disappearance of constrictive physiology in follow-up echocardiographic examination, and the scheduled pericardiectomy was canceled. Other six patients refused pericardiectomy. Among the remaining 11 patients who showed persistent constrictive physiology in follow-up echocardiographic examination, low dose diuretics were tolerable in six patients and technical problems increasing the chance of incomplete pericardiectomy, such as relatively thin pericardium in imaging studies and localized pericardial thickening, made surgeons refuse operation in 5 patients. Among 36 patients without curative pericardiectomy, 11 patients (31%) showed complete normalization of constrictive physiology with dramatic disappearance of dyspnea and peripheral edema (Fig. 3) . Clinical improvement was observed average 2.1±1.0 months after medical treatment, and all received antituberculous medication. The final etiology was Tbc in 10 patients, and the other 1 patient was proved to have transient CP due to Epstein-Barr virus infection. Among 10 patients with transient CP due to Tbc, 3 patients showed disseminated Tbc in bone marrow, peritoneal cavity, and cervical lymph nodes. Table 4 compares clinical features between patients with transient CP and those with persistent CP. Patients with transient CP showed a shorter time interval from the onset of symptom to diagnosis (1.8±1.1 months vs 14.1±22.2 months) and higher prevalences of Tbc (91% vs 22%), fever (46% vs 3%), weight loss (36% vs 2%), and sinus tachycardia (46% vs 13%) compared with those with persistent CP. However, the prevalences of ascites (18% vs 53%), dyspnea of functional class III or IV (9% vs 53%), and pericardial calcification (0% vs 33%) were significantly lower in patients with transient CP than in those with persistent CP.
Follow-Up
Clinical follow-up was possible in all patients. During the mean follow-up period of 37.7±32 months, 16 patients (23%) died, and the 5-yr survival rate was 73±7%. In patients with pericardiectomy, total six patients died; in two patients, the mortality was associated with surgery and other two died of congestive heart failure due to incomplete pericardiectomy. The other two patients underwent the second cardiac surgery to correct mitral and tricuspid regurgitation, and died due to postoperative complications. In patients Insp. Exp.
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without pericardiectomy, total 10 patients died; 2 patients died suddenly while waiting for pericardiectomy, and the other 8 died from congestive heart failure. The 5-yr survival rates of patients with transient CP (n=11) and pericardiectomy (n=35) were 100%, and 85±6%, respectively, which were significantly higher than that of patients (n=25) without pericardiectomy (33±17%, p=0.0083, Fig. 4) . In patients with CP, independent factors associated with survival were functional class at the time of diagnosis, low voltage in ECG, mediastinal irradiation, serum albumin, and age (Fig.  4, Table 5 ). In patients with pericardiectomy, the completeness of surgical procedure was the most important factor determining the survival.
DISCUSSION
In this clinical study, we have confirmed that Tbc is an important etiology of CP in Korea comprising about 1/3 of total cases and, although pericardiectomy is an effective treatment modality, the prognosis of CP is still poor with a mortality rate higher than 20%. Besides mediastinal irradiation for malignancy, clinical factors associated with the chronicity of the disease, such as higher functional class at the time of diagnosis, low voltage in ECG, and low serum albumin, were independent predictors of poor prognosis, which might represent the importance of early diagnosis and intervention of CP. The finding that 15% of total patients with CP can completely recover without complications within two months of medical treatment demonstrates the clinical usefulness of echo-Doppler technique in early detection and follow-up of this disease entity.
Since the first description in 1669 by Lower et al. (8), CP has been well known among physicians. The recent global trend in the etiology of CP is that the prevalence of Tbc is decreasing significantly, and clinical importance of cardiac surgery and mediastinal irradiation is increasing dramatically due to the increase of old population and high incidences of coronary artery disease, chronic renal disease, and thoracic tumor (9, 10) . In Korea, however, Tbc is still the most frequent identifiable etiology of CP. Tuberculous CP is known to be from the reactivation of previous infection, and, due to the high prevalence of Tbc in Korea, a past history of Tbc is not enough for diagnosis of tuberculous CP. However, among 23 patients with tuberculous CP in this study, past history of Tbc was suspected in 13 patients; among them, only 3 patients received complete antituberculous medication for their lesions in the past. In the past 10 yr, 8 patients developed CP after cardiac surgery, especially in the latter half, and we believe that CP due to previous cardiac surgery will increase progressively. Pericardial calcification has been described as a very characteristic finding of CP. However, the prevalence of calcification was only 28% in this study. Pericardial thickness did not show any difference between patients with pericardial calcification and those without (9.7±2.5 mm vs 10.9 ±4.3 mm, p=0.253). Patients with pericardial calcification showed a larger left atrial diameter (52.2±7.5 mm vs 43.2 ±5.8 mm, p<0.00) and a longer time-interval from the onset of symptom to diagnosis (23.2±21.7 months vs 7.9 ±19.0 months, p=0.009), which suggests that pericardial calcification is an index of chronicity of the disease (11) . Among nine patients who were treated under the impression of liver cirrhosis, six patients showed characteristic pericardial calcification in routine chest radiography; thus, Table 5 . Multivariate clinical predictors of survival in patients with constrictive pericarditis more careful evaluation for possibility of CP would be necessary in patients with chronic liver or renal disease (12, 13) , recurrent ascites (14), or pleural effusion (15) . Although it is generally accepted that pericardiectomy is the only way to break the vicious cycle of progressive deterioration of cardiac relaxation and filling in CP (16) , complete disappearance of constrictive physiology with medical supportive care in some patients with CP has been reported in the literature (17) (18) (19) (20) . Transient inflammation or fibrosis of the pericardium associated with viral or bacterial infection or immunologic mechanism after acute effusive pericarditis has been proposed as a mechanism of this transient CP (21) . In our study, 15% of total patients (11/71) showed a typical clinical course of transient CP. One interesting finding is that, in our series, Tbc was the etiology in almost all the patients with transient CP (91%, 10/11). Nine patients showed characteristic radiological findings suggestive of tuberculous lesions in chest radiography or computerized tomography without pericardial calcification, and all responded dramatically to therapeutic trial of antituberculous medications with disappearance of constrictive physiology within two months (Fig. 3) .
As echocardiography is now routinely used as a screening test for patients complaining of dyspnea and peripheral edema, it may contribute to the diagnosis of CP at relatively early stage and more frequent observation of transient CP cases is anticipated. The timing of surgical intervention has become a real clinical issue; Senni et al. recommended early pericardiectomy to prevent persistent diastolic abnormality after surgery that has been reported to have positive correlation with the symptom duration (22 with chronic persistent CP, they have a shorter symptom duration (1.8±1.1 months vs 14.1±22.2 months), a lower prevalence of ascites or severe dyspnea, and higher prevalences of fever and weight loss (Table 4) . Thus, if a patient with constrictive physiology has these clinical features of relatively acute inflammatory process without pericardial calcification, therapeutic trial with antituberculous medications for one or two months with echocardiographic followup could be a rational treatment option in Korea. If chest radiography or computed tomography shows tuberculous lesions in other areas, it would be a perfect condition. Clinical decision-making for appropriate timing of surgery based on tissue characterization of pericardium by computerized tomography or magnetic resonance imaging might be one ideal way, which needs a systematic investigation.
In patients with chronic persistent CP, pericardiectomy is a gold standard treatment option. Except patients with transient CP, the mortality of patients who did not undergo pericardiectomy during follow-up was 40% (10/25), which was significantly higher than 17% of those with pericardiectomy. Among 17 patients including 12 patients who refused surgery due to mild symptoms and 5 patients in whom successful pericardiectomy could not be anticipated due to various technical reasons, 6 patients died during follow-up. Thus, if a possibility of transient CP is ruled out, prompt trial of pericardiectomy is strongly recommended to prevent progressive irreversible fibrosis into the myocardium (23) (24) (25) .
Pericardiectomy is a challenging surgical procedure demanding operator's high level of skill, and besides complications of general cardiac surgery, unique complications such as acute heart failure with cardiac tamponade (26) and mitral regurgitation (27) have been described. In this study, the overall operative mortality was 6% (2/35), and two patients died four and seven months after surgery due to incomplete pericardiectomy. Four patients underwent the second cardiac surgery; among them, three patients underwent surgery to repair mitral and/or tricuspid regurgitation, and repeated pericardiectomy was attempted in one patient. In 35 patients who underwent pericardiectomy, the most important factor determining the prognosis was successful pericardiectomy. Specifically, the prognosis of CP due to mediastinal irradiation even after pericardiectomy is very poor, as pericardiectomy is often incomplete, and the second operation is frequently needed due to already damaged myocardium and cardiac valves. Thus, some investigators have recommended cardiac transplantation rather than pericardiectomy in these selected groups of patients (9, (28) (29) (30) . Considering the fact that radiation-induced CP develops at least several or 10 yr after the treatment, the incidence will increase with recent improvement of long-term survivals of patients with breast cancer or malignant lymphoma. Aggressive approaches to prevent radiation injury to the heart are actually the only practical way to overcome the difficulties of this disease. The observation that clinical variables representing the chronicity of the disease, such as marked dyspnea at the time of diagnosis, low voltage in ECG, and low serum albumin, are independent adverse prognostic factors reemphasizes the clinical importance of early detection of CP.
